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Abstract— Herbimycin A, a benzoquinoid ansamycin antibiotic hac h oa „ u 
oncogen.c phenotype of p60"« transformed cells because A 'th bee ^ hown t0 averse the 
tyrosine kinase. We previously demonstrated tha herS^ Src protein 

on the in vitro qrowth of PhilariPlnhm nhrZr!J nerDlm yp'n A displayed antitumor activity 
transfected murineTma^ Ce,ls ™* BCR/ABL- 

tyrosine kinase. In this study, t h e t r a n sf o rrne^} F D C- P 2 ce I Is wer p' Hp ° " ° f t BC " /ABL pr ° tsin 
ngen.c in syngeneic DBA/2 mice The intranpritnnoJ / V demonstrated to be tumo- 

cells into DBA/2 mice induced infiJJatioS tumor 
within time periods proportional to ?he cell numbeT 0 ino'culatinn i'^ 3 " °I the mice died 
i-p. inoculation with greater than 1 x 10 5 cells ?n !,Vn 1^ n ' ,n miCe that rec eived an 

injection inhibited tumor formation and s^nmSnTo^Zo^T 0 " °< herbim Vcin A by i.p. 
mice inoculated with 1xl0< cells herbimycin . A "nlK 9 ' Va ' t,me ' and furthsr - in 

transformant FDC-P2 cells and brough about eofflSST 1 ^ ^ 9r ° Wth ° f 
the ,„ vnm efficacy of herbimycin a' in mice K^Sn^e?^^ 

rnh? b ra^£mo^ ° nC ° Pr0tein ' Pr0tSi " «"«.. tyrosine kinase 



Introduction 

The bcr/abl oncogene is the product of the Phila- 
delphia chromosome (Ph 1 ). resulting from the 
reciprocal translocation between chromosomes 9 and 
22 which are found in Ph'-positive leukemias which 
mainly constitutes more than 90% of chronic myelo- 
genous leukemia (CML) and approximately 20% of 
adult acute lymphocytic leukemia (ALL) [1-5]. The 
bcr/abl fusion proteins generating from the hybrid 
bcr/abl genes, P210*^'" w and Pi90 6e *« exhibit the 
deregulated tyrosine kinase activity of ABL and 
oncogenic activity in vitro and in vivo [6-9]. 

Recent progress in the study- of the bcr/abl *ene 
and its product in Ph'-positive leukemia offers an 
opportunity for developing' several strategies for 
specific therapy targeted against BCR/ABL [10-14] 
Herbimycin A, an inhibitor of protein tyrosine kinase 
(PlK) that we isolated on the basis of its ability to 
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cause rat kidney cells transformed by v-jrc to revert 
to normal morphology with a loss of PTK activity of 
the transforming protein of p60™[15], was shown to 
display a relatively selective antitumor activity for 
transformed cells by oncogenes coding PTKf 161 In 
fact, we demonstrated that herbimycin A displayed 
8 Pr ^ er !- n o! a ,' amitliraor activity on the in vitro 

p???,?i r POSitiVe Cdls by reducin § BCR/ABL 
£ IK. 1121. In order to determine whether or not 
herbimycn. A may offer a new therapeutic potential 
for Ph -positive leukemia, we have investigated the 
antitumor activity of in vivo administration of herbi- 

TrvUa? SynSenSiC DBA/2 mice inoculated with 
S BL „ oncoprotein-transformed murine 
1-DC-P2 cells. Here, we report the in vivo efficacy 
or herbimycin A on mice bearins BCR/ABL onco- 
protein-associated tumors. 



Materials and Methods 
A/urine hematopoietic cell lines 

FD?V n fmw, IL " 3 ,-- P r r,dent hemopoietic cell line 
rUL-Fijl/l was used m tins study. As control cells, PS 15. 
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mastcytoma cell line, and P3SS. lymphoma ceil line were 
used. 

Transaction of retroviral vector expressing P2lO bcrf ' 3b ' into 

lL-3-dependent FDC-P2 cells 

Five million FDC-P2 ceils were cultured bv the addition 
or a mixture of. 30 ul Lipofectin (Gibco. Berlin, Germany) 
ana * ug or pGD210 retroviral vectors expressing P^iO"^*' 
oncoprotein [8] for 16 h in serum-free Opti-MEM (Gibco) 
m the presence of recombinant murine IL-3 (rmIL-3) which 
was prepared from COS-1 cells transfected with pSV2neo ' 

RPMI-1640 medmm to which 10% fetal bovine serum 
(FBS) and 600 ug/ml geneticin (G418 sulfate; Gibco) were 
added m the presence of rmIL-3 for 10 davs. and were then 
turner selected in a medium lacking rmIL-3 for IL-3- 
mdependent growth. In the absence of mIL-3, parental 
or mock . P ZIPNeoSV(X>transfected FDC-P2 cells died 
within 12 h, but G41S-resistant pGD210^'» w -transfected 
cells were able to grow autonomously in a medium which 
lacked mlLo. As previously described in detail [12], trans- 

In vitro growth testing for herbimycin A 

The assay of cellular proliferation was carried out bv 
using the colorimeric MTT method. The ceils (2 X lOV 

d owT W f^« See ^! d ' n tri P Iicate in 100 ul of 10% FBS-added 
RPMI 1640 with or without herbimycin A, and cultured 
r 3 humidifie d atmosphere with 5% CO, at 
nf ifn4 % r ^ e . a ^ dition of 10 ^ of a 5 mg/ml stock solution 
h „^v9;( 4 ^- d * meth y lthi K0l-2,5-diphenyl tetrazolium 

2 f } ( lT? C °- Ltd " Munich - FR °) lnt0 ea ^h well 
tor the last 4 h, formazan crystals were solibilized in 100 ul 
of isopropanol-0.04N HQ, and then the plates were 
measured on a MTP-100 niicroplate reader (Corona Elec- 
tric lokyo, Japan) using a test wavelength of 570 nm with 
a reference wavelength of 630 nm. 

WejTem blotting and immune complex kinase assay of BCR/- 

Transformant FDC-P2 cells were cultured for 16 b in th. 
presence or absence of 0.2 ug/ml of herbimycin A, where 
ce viabilities of both groups were more than 90% The 
cells were lysed in the presence of kinase and phosphatase 
nnibitors, as previously described by Lonao flS] The 
lysate was clarified by centrifugation at 4°C,^nd ?0 u» of 
proteins in the supernatant were separated bv SDS-PAGE 
m reducing conditions (100 mM dithiothreitol). Proteins 
were blotted onto a polyvinylidene difluoride (Millipore) 
membrane. The BCR/ABL oncoprotein was identified 
using a monoclonal anti-ABL protein (Ab-3, Oncogene 
ocience, Mineoia. NY). = 

The immune complex kinase assay was carried' out bv 
Trfc? ™* hed ™ th « d of that described by Kurzrock et 

lJn !l i, v l the Cdis (1 * 10? ) were harvested. 

r^lr P hos P ha ^-b"ffered saline (PBS), and then 
i\sed at 4 C by sonication in 50 mM Tris-HCl pH7 5 
containing 0.15mM NaCI. 0.1% SDS, 1% Triton X-100.' 
0.3* sodium deoxycholate, 1 mM PMSF. The diluted 
sample was treated with mouse monoclonal amibodv 
against- caW, Ab-3 (Oncogene Science), for I h at room 
temperature and was incubated overman! at4°C. Immune 
complexes with anti-ABL antibodv were precipitated with 
mouse anti-IgG antibody-coated protein A (Zvmed Lab- . 
oratories, San Francisco. CA). and immunoprecipitates 
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were then reacted with 5 uCi of (v atd fnr in . 

on ice. Next immune complexes^ were aU^oV? ™ 
SDS-polyacry lam.de gels, followed bv autoradio-anhv 
witn an intensifying screen. ' ulurdU0 S™pny 

Animals 

Seven-week-old female DBA/2 mice wer* k 
Oriental Kobo Co. Ltd (Tokyo..' Japan) ^ by 

Examination of tumor cells and tissues 

Tissues were processed for histological -xaminitinn 
or Southern blot analysis. High mo& DNA? d eri v2 
from ussues and tumors were'digested with restriction 
enzymes, electrophoresed through 0.8% a»aros n H 
then transferred to ny] 0 „ membranes ThfhTridAt ^ 
with a human 3'-6cr genomic DNA orobe (J cr l O Se 
Science) was carried out bv the merhnH „ S " 
described [21]. " method previously 

Administration of herbimycin A 

Herbimycin A was isolated as described previously H si 

T% M) S Twie s!uL l Zl!n J g 

i fc (\/vj of Tween-20. Various concentrations of her 

f'oTdayl 2?an h d n f admin H iS£rated by ^ iniecSon/da ,y 

rrom aays 2-o and from day 12 to dav 16 afrer -itw 

Expression of results 
Unless otherwise indicated, mean values ± one S D for 

was carried out using ? sZ!^ ° « £tS 
interpreted to be significantly different when p < 1 1 001 

Results 

' l *ni tV0 mt j Cumor e ff sct of herbimycin A on BCR/ 
AVL-transformed murine cells 

. We investigated the in vitro effect of herbimycin 
A against P210« oncoprotein-associated aufon 
omous growth of FDC-P2 cells transformed by a 
transfecnon of the bcr/abl gene. Herbimycin A 
showed no significant inhibition of the growth of 
parental FDC-P2 cells in the presence of the culture 
supernatant or WEHI cells containing mIL-3 but 
oia ousplay an inhibitory effect on the growth of 
transformant FDC-P2 cells at doses showing no tox- 
icity on murine P815 cells and P388 cells (Re i) ' 



Effect of herbimycin A on BCR j ABL Qn 
and tyrosine kinase 

We previously reported that the antitumor activity 
of herbimycin A on Ph'-positive leukemia cells seems 

BCR/ABL PTt With 30 ° iti0n ° n the activi( y of 
BCR/ABL PTK m spite of having no effect on the 

expression of BCR/ABL oncoprotein [12]. Similarly 

the immune complex kinase assay of BCR/ABL 

revealed that herbimycin A dramatically suppressed 
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Fig. 1. Effects of herbimycin A on the in vitro «rowth of 
parental rDC-P2 cells. BCR/ABL^transfected^ FDC-P? 
cells and syngeneic murine hematopoietic malignant cells 
brrects of herbimycin A on rL-3-dependentVowth of 
parental FDC-P2 cells in the presence of the culture super- 
natant obtained from WEHI cells and autonomous -rowth 
of transformant FDC-P2 cells by a transection withBCR/ 
ABL were assayed by MTT proliferation assay after cul- 
tunng for 72 h. In PS15 and P388 cells, MTT proliferation 
assay was carried out after the 72 h and 5 day cultures 
respectively. The growth of P815 cells and P388 cells was 
not significantly inhibited at low doses of herbimycin A 

S?r pf an ,! nhibi ' or y effect °n the growth of transformant 
FDC-P2 cells in the 72 h and 5 day cultures. The results of 
3 day cultures of PS 15 and P38S cells are shown 



the autophosphorylation activity of ?2\Q h "/ abl tyro- 
sine kinase in BCR/ABL-transformed FDC-P2 cells 
while it did not affect the amount of BCR/ABL 
oncoprotein (Fig. 2). 

Mice bearing tumor cells tnns/ected with BCR/ABL 
Transformant FDC-P2 cells were transplantable 
by either l.p. or i.v. injection into syngeneic DBA/ 
2 mice, whereas parental FDC-P2 cells were not 
transplanted. Mice inoculated with transformant 
FDC-P2 cells by i.p. injections exhibited a gradual 
increase of abdominal tumors and died within 5-11 
weeks post-inoculation. Postmortem examinations 
revealed that tumor cells formed masses on the 
abdominal walls and infiltrated mainly into mesentric 
and retroperitoneal lymph nodes (Fig 3(A)) The ■ 
invasions were observed in the liver, spleen, pancreas 
and peritoneum (Fig. 3(A)), but were not, noted in 
other organs including the lungs and kidneys. The 
presence of the bcr/abl gene in tumors was confirmed 
by Southern blot analysis with a human bcr probe 
(Fig- 3(B)). . V 

In vivo efficacy of herbimycin A in mice bearing BCR/ 
ABL oncoprotein-associated tumors * " 

The.study regarding determination of lethal dose 
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2; ?"P p ,I ess, ° n of BCR/ABL PTK activity by herbi- 
mycin. (A) For the western blottin* of BCR/ABL onco 
protein, transformant FDC-P2 cells were culturlS foM6 h 

and thencelf 1 ? " ° f °' 2 of herbimyc n A 

and then cellular protein was isolated. Twenty microhms' 
of protein were subjected to western blotK B) Fo 

FDC m pr c n 4 ls CO w m e P r' e r '7? T ( ' CKA ^ ^sLrman 
, Vl celi ? were tr ^ted with or without 0 2 u°/ml of 
herbimycin for 16 h. After this the cell extraas f were 
irnmunoprecip rated with ami-c-^/ monoclonal an ibodv 
The resulting immune complexes were analyzed for their 
autophosphorylation activities' 

in DBA/2 mice has revealed that LD VJ of a single i o 
injection of herbimycin A is approximately 20 m"£ 
body weight. The intraperitoneal injection of her! 
bimycin daily for 5 days at less than 2.0mg/ko body 
we lg ht was well tolerated with no obvious tonicity 
A marked reduction in subsequent tumor formation 
ancl a prolongation in the survival rates were evident 
following herbimycin treatment at doses of 1 D- 
-.0 mg/kg body weight in mice inoculated with 
greater than 1 X 10 5 of transformant cells (Fie 4(A)) 
Furthermore the i.p. administration with neomycin 
A at 2.0 mg/kg body weight completely protected 
against tumor formation and brought about cures in 
all mice inoculated, with I x 10* cells, whereas the 
'•p. administration at 1.0 mg/kg protected against 
tumor formation in two out of five mice (Fi» 4(B)) 
In contrast. PS15 cells and P3SS cells. Vhfch were 
not sensmve to herbimycin A /„ ouro. were trans- 
plantable mto syngeneic DBA/2 mice, and all mice 
inoculated i.p. with amounts of ereater than I x W 
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cells died within 12 weeks. In this case, herbimvcin 
A administration had no effect on their survival rates. 



Discussion 

PTK activity has been demonstrated to be associ- 

and with ? tlmU ! at0I 7 effects of many growth factors 
and with transforming oncogenes such as src abl 
ros, fps, yes Md fes. These findings indicate thai 
a variety of PTK may play a critical role in the 
proliferation and differentiation of cells [22] as well 
as in some malignant transformations of cells, where 
Ph -positive leukemia is representative in human 
malignancies. Until now, several tyrosine- kinase 
inhibitors including genistein, erbstain and lav- 

bkfonn^rp beendevel °P e d on the basis of inhi- 
bit on of EGF-assoaated tyrosine kinase. In contrast 
to these' inhibitors of receptor-type tyrosine kinase 



herbimvcin A. which was hnl^t^ e 

«< -using a re v»,- sro „ of ,„e ^nlttT^T"'' 
coma v.rus.inieced rat kidnev c=l! o rorrT Mr ' 
Pnology a, modes; concentration, V,, T lr,or ' 

P60- ptk a«™, y f uj. Fu ;;c r r^fp^r « 

via the inhiblt!M of bCR/abT?-^ a""^: 

oncoprotein-expressine transformed hi i ' L 
formed FDC-P? ceils bv , t„ p ■ he trans " 

^ r - ceiIS °y at ransfectionofBrR/^Rr 
grew autonomously /„ vUro and were tumlrio/ 
syngeneic DBA/2 mice in which f ^ S n ' C ln 

of t ra n s f o r m a n t FD C- pV " d 1 s s h o we d ?h , "°? ,a - t, ' 0n 

tTZrZTuT™ A at of 

*ebs man l mg/ks body weiahf for > ^ 

co mp ,te,y protected agaiS 

effec* * at r, eiVed 1 X 104 C6I1S With " oZ de 
effects. Similarly, Honma has previously described 

the « antitumor effect of herbimvcin A in thf 
murine model inoculated with highlvT2-txpre SS 
ng munne myeloid ceil lines, CI «Ib [23] . Re' e tlv 
it has been shown that herbimvcin A ii J ; c , ■ 
cytotoxin against malignan" hurn^tmo^^h 
pnmmve neural features, and the tumori™ n ?ci tv n 
nude mice of these sensitive cell lines can be marked K 
reduced by systemic or topical administrat on of " ' 

into future ,h»rn •' P :°" ueu an ^Portant insight 
into future therapeutic developments against various 
types of cancers with amplified ErbB-1 (EGF-R) and 
TfuZ' U) thr ° Ugh inhibiti ^ ^acUvitv^ - 

er ' lomZ°?' ^ ^ ^ that PTK block- 
ers from the tyrphostin family can discriminate 

etT4i n i r n m a a d d > BL ^ ^ - 

terns. 128]. In addition to these studies, our devel- 
opment and study of herbimycin A, and further 
development of.chemica! modifications mi a ht p , - 
vide an important insight into future therapeutic 
development according to a new strategy of bcruh! 
-oprotem-targeted therapy against ^-posit,. 
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